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ULTRASONIC NDE OF LASER-DAMAGED ORGANO-MATRIX COMPOSITES 
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The ultrasonic attenuation and velocity in graphite/epoxy (Gr/Ep) 
composites damaged by real and simulated laser radiation were measured. 
The measurements were carried out with composite ultrasonic test equip-
ment (CUTE), a water-tank testbed constructed to study the elastic prop-
erties of samples subjected to C02 laser radiation at several different 
scan rates. Parallel simulation studies were carried out on samples sub-
jected to temperatures high enough to cause pyrolysis. The ultrasonic 
measurements were made in the 1 to 5 MHz frequency range for varying 
angles of incidence. The damage manifests itself in differing degrees of 
porosity depending on the intensity of irradiation. Both attenuation and 
velocity were found to be sensitive to this damage. 
INTRODUCTION 
A major national need is the protection of aerospace structures 
against shock wave damage from ballistic and pulsed high energy laser 
weapons expected to be developed during the next decade. Specific needs 
are the development of protective barriers or coatings, real-time sensors 
to detect and monitor the shock wave impact, and tools to assess the ex-
tent of damage and its effect on continued operations. To address these 
needs, we have begun work directed toward studying the interaction be-
tween advanced materials and shock waves associated with ballistic and 
pulsed laser impacts. 
These shock waves are known to cause inhomogeneities ranging from 
microcracks to fractures and spallation. If the deleterious effects can 
be confined to the coating or barrier on a structure, then deeper pene-
tration and damage to sensitive structures and components can be mini-
mized. An understanding of the mechanisms of interaction between shock 
waves and materials can lead to predictive models suitable for tailoring 
the barrier layers and coatings to provide hardening [1]. 
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The objective of this paper is to show preliminary meas~rements of 
ultrasonic attenuation and velocity in GrIEp composites damaged by real 
and simulated laser radiation, and thereby demonstrate the possible 
potential of ultrasonic NDE as a diagnostic tool to assess the damage in 
a nondestructive manner. 
EXPERIMENTAL APPROACH 
The attenuation and velocity were measured at 2.25 MHz in a water 
tank such as shown schematically in Fig. 1 by carrying out insertion loss 
and time-of-flight measurements perpendicular to the fiber direction. 
Figure 2 shows the way in which the samples were subjected to laser dam-
age. A C02 laser was used in the CW mode to irradiate the panel-shaped 
samples at an intensity of 90 W/cm 2• To achieve variation in the degree 
of irradiation and therefore in the laser damage, the panel was moved 
with respect to the laser beam at a range of different slew rates. The 
GrIEp 'samples were approximately 7 mm thick. The probed regions were 
about 10 mm in diameter, corresponding roughly to the diameter of the 
ultrasonic beam. 
TECHNICAL RESULTS 
The ultrasonic attenuation and velocity were measured in composite 
samples subjected to real and simulated laser radiation. 
CO 2 Laser Damage 
Figures 3 and 4 show, respectively, the transmissiQn losses and 
time-of-flights (travel times) of longitudinal pulses through GrIEp test 
panels. In contrast to the nonirradiated regions, the damaged zones 
showed strong effects which were sensitive to the slew rate. The appear-
ance of the samples is analogous to that of high-temperature burns such 
as those seen as a consequence of carbonization treatments. The laser-
induced pyrolysis drastically affects the ultrasonic properties. A 
slower slew rate causes a longer exposure to the laser beam, thereby 
causing more severe pyrolytic damage and consequently greater transmis-
sion losses and longer travel times. 
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Fig. 2. Laser beam at various slew rates. 
z 0 
0 
-20 238 .8 i= 
a: 
-30 w 
CJ)al ~O -40 
w - -50 
>CJ) 
-CJ) 
-60 59.7 1-0 
<..../ 
..../ 
-70 29.2 eml in W 
a: 
0 2 4 6 8 10 12 
POSITION, IN. 
x 
Fig. 3. Ultrasonic insertion 1088 in damaged GrIEp at various slew 
rates. 
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Fig. 4. Ultrasonic signal delay in damaged Gr/Ep at various slew rates. 
Simulated Damage 
The laser damage measurements discussed above were followed by more 
quantitative simulation experiments conducted on similar samples. These 
were subjected to a 800°C heat treatment for several hours, which re-
sulted in substantial cracks and void formation. Microscopic methods 
used to study the distribution of voids and cracks revealed a porosity of 
11% and a mean pore radius 0.17 mm with an aspect ratio of about 0.14. 
Table 1 shows the density, ultrasonic velocity and attenuation before and 
after heat treatment. The reduction in longitudinal wave velocity con-
comitant with a dramatic increase in attenuation is very noticeable. 
These measurements were expanded upon by the use of CUTE (composite 
ultrasonic testbed), which measures the elastic stiffness constants [2] 
from which may be derived the anisotropy factor 2C66 (C22-C12). The 
results of these latter measurements are shown in Table 2, and again 
indicate dramatic changes, particularly in Cll. The anisotropy factor 
decreased from 0.73 to 0.40 where a value of 1.00 indicates a completely 
isotropic medium. 
Table 1. Comparison A 
Damaged Undamaged 
Density (gm/cc) 1.38 1.42 
L-Velocity (m/s) 2190 3300 
S-Velocity (m/s) 1790 1940 
[contact) 
L-Attenuation (dB/cm) 70 20 
[2 MHz) 
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Table 2. Comparison B 
Damaged Undamaged 
Cll (MP) 6.6 15 
C22 (MP) 24 20 
C66 (MP) 4.1 5.3 
C12 (MP) 2.5 5.4 
Anisotropy Factor (2C66) 0.40 0.73 
(C22-C 12) 
DISCUSSION 
We have seen dramatic changes in ultrasonic velocity and attenuation 
due to real and simulated laser damage. A noticeable feature is the 
reduction in L-wave velocity to that of the S-wave. Indeed, the two 
velocities are not that divergent in the heat-treated sample. Blessing 
and Bertram [3] have found a similar result for porous SiC. One way to 
explain this result is that the pyrolysis has weakened the interfaces 
between the fibers and the matrix so that L-wave is no longer able to 
sense the fibers and travels primarily in the much more compliant matrix. 
Since the S-wave displacement is in the plane of the fibers, it is forced 
to sense the fibers for propagation and therefore retains its velocity, 
although the attenuation is very severe (in our case, too high to be mea-
sured quantitatively). The L-wave attenuation is drastically affected by 
scattering from pores, and preliminary analysis shows quantitative agree-
ment between theory and experiment. 
CONCLUSIONS 
The results presented here show in a preliminary way that ultrasonic 
attenuation and velocity are two parameters which may serve as useful 
indicators to measure the extent of damage to organo-matrix material 
subjected to laser irradiation. The data suggest tentatively that these 
types of examinations may be useful not just as nondestructive diagnostic 
tools to detect and characterize the damage, but also they may aid in the 
development of models for describing the mechanisms of thermochemical and 
thermomechanical damage evolution. 
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